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(57) Abstract 

A system for comniu- 
nicating widi a medical device 
(10) in^ilsnted in an ambulatory 
pattest and for locatiAg the 
patieot in order to selectively 
moniior device function, alter 
device operating parameters 
and modes and provide 
emergency assistance to and 
cooummtcatiotts witii a patient 
(10). The implanted device (10) 
includes a telemetry transceiver 
for communicating data and 
operating instmctions between 
the implanted device and an 
external patiem oonununications 
control device (20) diat is 
either worn by or located 
in piorimity of Ihe patient 
within (he implanted device 
transcehring range. TTic control 
device preferably indudcs a 
commimication link widi a 
remote medical support network 

(50), a ^bal positioning satellite (80) receiver for reoeivmg positioning data identifying the global position of die control device, 
and a patient activatBd link for permitting patient initiated personal oxmnunication widi tiie medical support network (50). A system 
contrdler (24) in the control device (20) controls data and voice communications for selectively transmitting patient initiated personal 
communications and global positioning data to the medical support network (SO), and for receiving and initiating re-fiTogrammmg of 
ttw implanted device operatiiig modes and parameters in response to instructions received from the medical support network (50). The 
conamunications link between the medical su[^>ort network and die patient communications control device may comprise a worldwide 
satellite network, haid-wircd telephone network, a cellular telephone network (82) or other personal communicatims system. 
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WORLD WIPE PATIENT LOCATTON AN D DA TA TELEMET RY 
^SYSTEM FOR IMPLANTABLE MEPICAL DEVICES 

FffiLD OF THE INA/HNTTON 

The present invention relates to communication systms for communicating 
Avith an implanted medical device or device system, and more particulaiiy, such a 
communication system that may function on a world wide basis at any time to 
communicate patient location, device monitoiing data, device re-programming data 
and to allow for effective response to emeigoicy conditions. 

The following references were cited in commonly assigned^ co-pending U.S. 
Patent >^Ucation Serid No, 08/584,851 for ADAPTIVE. PERFORMANCE- 
OPTIMIZING COMMUNICATION SYSTEM by S. Goeddce et aL to indicate the 
ptior state of the ait in such matters. In particular, in reed switch use U.S. Patent No. 
331 1,1 11 to Bowers, U.S. Patent No, 3,518,997 to Sessions, US. Patent No. 
3,623,486 to Beikovits, U.S. Patent No, 3,631,860 to Lopin, U.S. Patent No., 
3,738,369 to Adams ei al., U.S- Patent No. 3,805,796 to Teny, Jr., U.S. Patent No. 
4,066,086 to Alfemess et al.; infoimadonal type U.S. Patoit 4,374,382 to Maikowitz, 
U.S. Patent No, 4,601 ,291 to Boute et aL; and system U.S. Patent No. 4,539.992 to 
Calfee et al., U.S. Patent No. 4,550,732 to Batty Jr., et al., U.S. Patent No, 4,571,589 
to Slocum et al., U.S. Patent No. 4,676,248 to Bemtson, U.S. Patent No. 5,127,404 to 
Wybomy et al., U.S. Patent No. 4,21 1,235 to Keller, Jr. et al., U.S. patents to Hartlaub 
et al., U.S. Patent No. 4,250,884. U.S. Patent No. 4,273,1 32. U.S. Patent No. 
4,273,133, US. Patent No. 4,233,985, US. Patent No. 4,253,466, U.S. Patent No. 
4,401,120, U.S. Patent No. 4,208,008, U.S. Patent No. 4,236,524, U.S. Patait No. 
4,223,679 to Schuhnan et al., U.S. Patent No. 4,542,532 to McQuiUdn, and U.S. 
Patent No. 4,531,523 to Andersoa 

BACKGROUND OF THF TNVKNTTnN 

Over the years, many implantable devices have been developed to monitor 
medical conditions and deliver therapy to a patient. Such devices included electrical 
stimulation devices for stimulating body organs and tissue to evoke a response for 
enhancing a body function or to control pain, and drug delivery devices for releasing a 
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drug bolus at a selected site. Oth^ more passive implantable and wearable medical 
devices have been developed for monitoring a patient's condition. 

Chromcally implanted cardiovascular devices for monitoring cardiovascular 
conditions and providing therapies for treating cardiac arrhythmias have vastly 
improved patients quality of life as well as reduced mortality in patients susceptible to 
sudden death due to intractable, life threatening tachyarrhythmias. As implanted 
device technology has grown more sophisticated with c^>abiUties to discover, monitor 
and a£fect more patient conditions (including otherwise life threatening conditions) 
patients have enjoyed fieedom from hospital or home confinement or bed rest 
However, the improved mobility brings with it the need to maintain communications 
with the patient and the implanted device. 

Early in the development of cardiac pacemakers, patient follow-up to monitor 
pacemaker operation was fiicilitated by telq)honic transmissions of skin sut&ce ECGs 
in real time to a physician's o£Bce oiqsloying such systenis as the MEDTRONIC® 
TeleTrace® EGG transmitter. Over time, various patient worn, ambulatory ECG and 
device monitors have been developed for providing ECG data for ranote analysis of 
cardiac arrhythmias. Also, the remotely programmable modes of operation of 
implantable medical devices increased, and programming metiiods inqnoved. 

In current arrhythmia control devices, (e.g. cardiac pacemakers, and 
pacemaker-cardioverter-defibrillators) a relatively wide range of device operating 
modes and parameters are remotely programmable to condition the device to diagnose 
one or more cardiac arrhythmia and deliver an appropriate therapy. In cardiac 
pacemakers, the pacing rate in one or both heart chambers is governed by algorithms 
that process the underlying cardiac rhythm as well as physiologic conditions, e.g. 
patient activity level and other measured variables, to arrive at a suitable pacing rate. 
The pacemaker operating modes and the algorithm for calculation of the a5)propriate 
pacing rate are programmed or reprogrammed into internal memory by accessing the 
implanted pacemaker's telemetry transceiver with an external programmer. Even the 
diagnosis of a tachyrhythmia requiring delivery of a treatment therapy and the 
therapies to be delivered may now be governed by operating modes and algorithm 
parameters that can be programmed into and changed using such a programmer. 
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Sudi implanted devices can also process the patient's electrogram and any 
measured physiological conditions employed in the diagnosis and store the data, for 
subsequent telemetry out on interrogation by the external programmCT. The 
telemetered out data is analyzed and may be employed to establish or refine tiie 
operating modes and parameters by a doctor to adjust the tileries the device can 
deliver. In general, the manner of communicating betwera the transceivers of the 
external progranmia' and the implanted device during programming and interrogating 
is referred to as telemetry. 

Initially, \^en programming techniques were first devised, &e paramount conceni 
addressed related to patient safety. Safeguards addressed the concern that the patient 
could be put at risk of inadvertent mis-programming of the implanted device, e.g. by 
stray electromagnetic fields. For this reason, and in order to avoid high current 
consumption that would shorten the inq)lanted device battery life, telf^ietry operating 
range was extremely limited In systems continuing to the present tinie, telemetry has 
required plication of a magnetic field at the patient's skin over the implanted device 
to close a reed switch i^iile RF programming or interrogating commands are 
generated to be received by the in^)lanted device transceiver. The progranmung or 
interrogating commands are decoded and stored in memory or used to trigger 
telemetry out of stored data and operating modes and parameters by the impTant^ 
device transceiver. 

As stated at &e outset, one of the rationales and attributes of implanted 
medical devices of the type described, is that the patient is allowed to be ambulatory 
while his medical condition is monitored and/or treated by the implanted medical 
device. As a fiirther safety precaution, "programmers" (devices capable of 
progranuning all the operating modes or functions of the implanted device arul for 
initiating interrogation through the telemetry system) are generally not provided to the 
patients. Patients are periodically examined and device interrogation is conducted by 
the physician using the extendi "programmer" during follow-up visits to the 
physicians office or clinic. This limits &e firequency of monitoring and may require 
certain patients to remain close to the physician's ofBce. 
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Emergency conditions (device feilure, physiologic variable changes resulting 
in inappropriate ther^y, transient conditions/problems) may requiie additional 
monitoring or follow-up. 

The short range of convaitional device telemetry is itself viewed as unduly 
limiting of a patient's mobiUty. la the medical monitoring field, longer range, 
continuously accessible telemetry has been sought and systems for doing so have beea 
proposed. In U.S. Patent No. 5,113,869 for example, an implanted ambulatory ECG 
patient monitor is described that is provided with longer range tdemetiy 
communication witii a variety of external accessory devices to telemeter out alarm 
signals and ECG data and to receive programmirig signals. The high fiequency RF 
signals are encoded, including the implanted device serial number, to ensure thaj the 
communication iis realized only with the proper inqjlanted device and that it is not 
mis-progiairmied. 

Telemetry communication with other implanted devices, particulariy drug 
infusion pumps or paceroaker-cardioverter-defibrillator devices, to initiate or control 
their operation is also disclosed. Communication between the implanted AECX} 
monitor and an external defibrillator is also suggested through low current pulses 
transnutted fmm the defibrillator paddles through the body link in order to condition 
the implanted AECG monitor to provide telemetry signals to the external defibrillator. 

One of the external devices disclosed in the ' 869 patent is a wrist wom, 
personal communicator alarm for responding to a telem^ercd out signal and emitting 
a warning to the patimt when the in^)lanted AECG monitor has detected an 
arrhythmia. The patient is thereby advised to take medications or contact the 
physician or to initiate external cardioversion. The personal communicator alarm also 
includes a transceiver and may also be used to control certain fimctions of the 
implanted AECG monitor. A firrtho-, belt wom "fiiU disclosure recortbr" is disclosed 
with high capacity memory for receiving and storing data telemetered out of the 
implanted AECG monitor when its memory capacity is exhausted. 

A remote, external programmer and analyzer as well as a remote telephonic 
conmiiuiicator are also desaibed that may be used in addition to or alternately to the 
personal communicator alarm and/or tiie fiill disclosure recorder. The programmer 
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and analyzer may operate at a distance to the implanted AECG monitor to perform 
programming and interrogation functions. Apparently, tiie implanted AECG may 
automatically transmit a beacon signal to die programmer and analyzer to initiate an 
interrogation function to transmit data to the programmer and analyzer on detection of 
an arrhythmia or a malfunction of the implanted AECG monitor detected in a self- 
diagnostic test Or by setting a timer in the personal communicator alarm, the 
implanted AECG monitor may be automatically interrogated at preset times of day to 
telemeter out accumulated data to the telephonic communicator or the full disclosure 
records. The remote telephonic communicator may be part of the external 
programmer and analyzer and is automatically triggered by the alarm or data 
transmission from the inq)lanted AECG monitor to establish a telephonic 
commimication link and transmit the accumulated data or alarm and associated data to 
a previously designated clinic or physician's office through a modem. 

The combination of external devices provided to a given patient is at the 
discretion of the physiciaa It is preferred that at least the patient be provided with the 
external programmer and analyzer including a communications link. 

A similar piogrammeryinterrogator for an implanted pacemaker-cardioverter- 
defibrillator device is disclosed in U.S. Patent No. 5^3 wherein the data 
accumulated in the limited cs^acity memory implanted device is telemetered out to a 
larger capacity^ external data recorder. The accumulated data is also forwarded to a 
clinic employing an auto-dialer and FAX modem resident in a personal computer- 
based, programmer/interrogator. 

In each of these disclosed systems, presumably, the patient is able to 
communicate with the physician's office or clinic contemporaneously with the 
transmission of data by modem. In all such telemetry systems for programnung an 
operating mode or parameter or interrogating accumulated patient data or device 
operating modes and parameters, the patient is located within a short range, typically 
within sight, of the remote devices, particularly the remote programmer. If the patient 
is out of range of the programmer and an attached telephone system, the security of 
the patient is diminished. Consequentiy, at risk patients are advised to remain close 
by to the programmer and telq)hone for their safety. 
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The perfbnnance over time of implanted medical devices in the implant 
population is infonnally monitored by the periodic patient follow-ups employing the 
telemetry system conducted by the physician and the reporting of device malfunctions 
from the physician to the device manufecturer. Moreover, operating algorithm 
improvements developed over time to counter adverse device paformance reports or 
to simply inqwove device fonction are provided to physicians to employ in re- 
programming the implanted devices at tiie next patient follow-up. 

Ahhough significant advances have been made in allowing patient's who aie 
dependent on implanted medical devices to be ambulatory and still allow for 
monitoring of the device operation or the patient's underlying condition, a need 
remains to oqjand patient security ^^e allowing the ambulatory patient to, range 
widely. Telemetiy systems in current use require prepositioning of the telemetry head 
over the implanted medical device, although the telemetry systems desoibed above ' 
may ofiFer the posability of telemetry at a distance of several meters! In any aise, 
such telemetry systems caimot communicate patient device information (uplink 
telemetry) or accept re-programming (downlink telemetry) v/bisa &e patient is in 
remote or unknown locations vis-a-vis the physician of medical stqjport network. In 
certain patient conditions, tiie inability to communicate with the medical implant can 
significantly increase patient mortality or cause serious irreversible physical damage. 

SUMMARY OF THP yNVRNmOK 

It is therefore an object of the present invention to provide a patient data 
communication system for world wide patient location and data and re-programming 
telemetry with a medical device implanted in the patient 

It is a further object of the presoit invention to address the above described 
problems by providing such a communication system allowing the device and/or 
patient to communicate with support personnel at any time and from any place. 

It is a still further object of the invention to allow the medical device and 
patient to be accurately and automatically located enabling prompt medical assistance 
if necessary. 

These and otha: objects of the invention are realized in a first aspect of the 
mvention in a system for communicating patient device information to and fix)m a 
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medical device implanted in an ambulatory patient and widi a remote medical siqjpoit 
network comprising: an implanted device telemetry transceiver within the implanted 
medical device for commimicating data and operating instructions to and from the 
medical device in a coded communication, the implanted device telemetiy transceiver 
having a transceiving range extending outside the patient's body a predetennined 
distance sufficient to receive and transmit coded telemetry communications at a 
distance from the patient's body; and an external patient communications control 
device adapted to be located in relation to the patient within the device transceiving 
range having a s^tem contxoli^ for &cilitating communications, an implant wireless 
interface including a control device telemetry transceiver for receiving and 
transmitting coded communications between the system controller and ^ implant 
device telemetry transceiver, a global positioning system coupled to said system'.- 
controller for providing positioning data idoitifying the global position of the patient 
to the system controller; communications means for communicating with the remote 
medical support network; and communications network interfoce means coiq)led to 
the system controller and the communications means for selectively enflWrng the 
communications means for transmitting the positioning data to the medical siqjport 
network and for selectively receiving commands from the medical 5iq)port network. 

Preferably the system further comprises an external patient communications 
device adapted to be located in relation to the patient within the device transceiving 
range for providing patient voice and data communications with the system controller, 
so that patient voice communications may be effected through the communications 
' interface means and the communications means with the remote medical support 
network- 
Furthermore, the communications inter&ce means may effect two-way 
communication of voice and/or data between the remote medical support networic and 
the patient communications device and implanted device telemetry transceiver by 
inclusion of cards for accessing one or all of the communications means including a 
cellular telephone network and a satellite-based telecommunication network, a bard- 
wired telephone conununications system and/or a hard- wired interface for computer 
based system for local area and for modem-based e-mail communications systems. 
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The cards are prefmbly interchangeable to fit the appUcation needed by the particular 
patient 

The communications interface means prefoably include two-way voice 
communications between the patient and the medical siqyport network and two-way 
data communications for selectively receiving intenogation or programming 
commands fiom the medical support network to intrarogate or program the operation 
of the device operation and to interrogate patient locatiorL 

The present invention allows the residential, hospital or ambulatory 
monitoring of at-risk patients and their inqjlanted medical devices at any time and 
anywdiere in the world. The medical stq>port staff at a remote medical siqjportcaiter 
may initiate and read telemetry from tiie implanted medical device and reprogram its 
operation vdiile the patient is at veiy remote or even unknown locations anywhere. 
Two-way voice communications with the patient and data/programming 

V communications with the implanted medical device m^ be initiated by the patient or 
the medical support staff. The location of the patient and the hnplanted medical 
device may be detennined and communicated to the medical support network in an 
emergency. Emogency response teams can be dispatched to die detemiined patient 
location with the necessary information to prepare for treatment and provide siqjport 
after arrival on the scene. 

BRIEF DRSCRTPTTON OF THP ni? Aiy^^r^^ 
These and other objects, advantages and features of tie presait invention will 
be more readily understood from the following detailed description of the prefened 
embodiments thereof, vrfien considered in conjunction with die drawings, in which 
like reference numerals indicate identical structures diroughout the several views, and 
wherein: 

Figure 1 is block level diagram of a first variation of the system of die 
invention for a patirat having free ranging mobihty including an implantable medical 
device, a patimt communications control device and a medical support network 
optionally employing wireless satellite telecommunication and a global positioning 
satellite receiver; 
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Figure 2 is a schematic illustration of the system of Figure 1 in relation to a 

patient; 

Figure 3 is block level diagram of a second variation of the system of the 
invention for a patient having limited mobility including an implantable medical 
device, a patient communications control device and a medical siqjport network 
employing conventional wired telecommunication; 

Figure 4 is a schonatic illustration of the system of Figure 3 in a line powered 
monitor for use in a patient's hospital room; 

Figure S is a schematic illustration of the system of Figure 3 employing a 
patient-worn, communications link and a line powered monitor for use in a patient's 
home; and 

Figiue 6 is a block diagram of an exen^lary implanted medical device with 
which the mvention may be practiced. 

DETAILED DESCRTPTTON O F THK PRKFRRRJRP RMRnniMFMTR 

The Global Communications and Monitoring System (GCMS) of tfie present 
invention provides a means for exdianging information with and exercisii^ control 
over one or more medical devices implanted witbin the body of a patient enq)loying 
. the patient communications control device. The GCMS in its most compi^ensive 
fonn of Figures 1 and 2 is intended to function no matter how geographically rmote 
the patient may be relative to the monitoring site or medical support network. In tiiis 
form, the GCMS provides an alarm to notify the medical siq>port network should 
device or patient problems arise, detennines patient location via the Geopositioning 
Satellite System (GSS), and allows verbal communication between the patient and 
monitoring pCTsonnel via a cellular telephone system link fif available at the patient 
location) or a satellite based telecommunications link if the patient is outside the range 
of a cellular link or subscribes only to the satellite-based linL 

The syst^ is not intended to be limited to such remote use by a free ranging 
patient and is intended to also be used when the patient is less mobile. In the sub- 
system or second variation illustrated in Figures 3-5, the patient communication 
control device is intended to be coupled to a telephone or other communications 
system for a patient with more limited mobility. For example, the standard 
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telecommunications system may be accessed either through a hard-wired link or by a 
cordless telephone with a telephone receive in the room attached to a phone jack. In 
this case, the cellular or satellite-based telecommunications interfece c^iabilities are 
not necessary, and the GSS c^iability may be sup^uous. 

Preferably, the GCMS of Figure 1 includes all of these capabilities embodied 
in a patient communications control device that is small and light enough to be 
attached to the patient whai the patient is mobile or to be used by the patient as a fiee 
standing unit at the patient's residence or hospital room. Atteroatively, as shown in 
Figures 3-5, the GCMS can be le-configured in part as a stand alone, line powered, 
room monitor and the remaining part can be implanented as a patient-wom, battery 
powered, communications link with a transceiver capable of two-way communication 
between the patient, the inqslanted medical device and the line powered monitor. 

Figures 1 and 3 are intended to show the alternate components of both of the • 
variations of the GCMS, although the alternate components may be iiictuded in the 
same GCMS. Hie patient 10 has one or more implanted medical devices 12, 14, 
which in the latter case may communicate with one another is known as, for example, 
using the body medium in a manner desoibed in commonly assigned U.S, jpatent No. 
4,987,897 to Fimke. Hie medical device 12 (and associated device 14, if present) m^ 
be, for example, an arrhythmia control device, e.g. a cardiac pacemaker or a 
pacemaker-cardio vertcr-defibrillator. A relatively wide range of device operating 
modes and parameters are remotely programmable to condition such a device 12 to 
diagnose one or more conditions such as cardiac arrhytiunias and/or deliver electrical 
or other stimulus appropriate for therapy. The implanted medical device 12 may 
alternatively be a drug administration device, caidiomyoplasty device, neural 
stimulator or any other implantable device with electronic control functions that can 
be programmed and/or have memory for storing patient and device operating data. 

At least one implanted medical device 12 possesses a transceiver of the type 
known in the art for providing two-way communication with an external programmer. 
The encoded communication may be by the RF transmission system such as is 
described in the above-referenced '869 patent or by using spread spectrum telemetry 
techniques described in U.S. Patent No. 5,38 1 ,798 to Burrows or by the system 
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disclosed in the above-referenced U.S. Application Serial No. 08/584,851 or any of 
the known substitutes. The telemetry technique employed and the transceiver of the 
implanted medical device 12 have enough range to communicate between the 
transceiver in the implant wireless interfece 22 in the remote patient communications 
control device 20 and the implant (12...14). The system disclosed in the above- 
referenced U.S. .plication Serial No. 08/584,851 may be employed to increase the 
accuracy and efficiency of the uplink and downlink telemetiy. 

Figure 6, d^icts an inq)lantable pulse generator (IPG) circait 300 and atrial 
and ventricular lead system 1 12, 1 14 having programmable modes and parameters and 
a telemetry transceiv^ of a DDDR type known in the pacing art as an example of an 
implanted medical device 12. While described in some detail, this device 12 provides 
only one example of the kind of implantable device that may be employed with this 
iiiventioiL 

The IPG circuit 300 of Figure 6 is divided generally into a microcomputer 
drcuit 302 and a pacing circuit 320. Tlie pacing circuit 320 includes the output 
amplifier circuit 340 and the sense amplifiers 360. The ou^ut drcuit 340 and sense 
amplifier circuit 360 may contain pulse generators and sense an^lifiers corresponding 
to any of those presently enq)loyed in conunercially marketed cardiac pacemakers for 
atrial and ventricular pacing and sensing. The bipolar leads 112 and 114 are 
illustrated schematically with their associated electrode sets 116 and 118, respectively, 
as coupled dupecdy to the input/output circuit 320. However, in the actual implanted 
device they would, of course, be coupled by means of removable electrical cormectors 
insoled in a cormector block. 

Sensed atrial depolarizations or P-waves that are confirmed by the atrial sense 
amplifier (ASE) in response to an A-sense are communicated to the digital 
controller/timer circuit 330 on ASE line 352. Similarly, ventricular depolarizations or 
R-waves that are confirmed by the ventricular sense amplifier in response to a V-sense 
arc communicated to the digital controller/timer circuit 330 on VSE line 354. 

In order to trigger generation of a ventricular pacing or VPE pulse, digital 
controller/timer circuit 330 generates a trigger signal on V-trig Line 342. Similarly, in 
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order to trigger an atrial pacing or APE pulse, digital controllei/timCT dicuit 330 

generates a trigger pulse on A-trig line 344, 

Crystal oscillator circuit 338 provides basic timing clock for the pacing circuit 

320, while battery 318 provides power. Power-on-reset circuit 336 responds to initial 

connection of the circoit to the battery for defining an initial operating condition and 

may reset the operative state of the device in response to a low battery condition. 

Reference mode circuit 326 generates stable voltage and carrent references for die 

analog circuits within the pacing circuit 320. Analog to digital converter (ADC) and 

multiplexor circuit 328 digitizes analog signals. When required the controller drcuit 

will cause transceiver circuit 33 to provide real time telemetry if a cardiac signals 

from sense amplifiers 360. Of course, these circuits 326, 328, 336, and 338 may 

? employ any drcmtry similar to those presmtlyiised in current marketed implfflitable " 
cardiac pacemaki^. 

Data transmission to and &am tiie external p rngi HinThCT of the patient 
communications control device of the p r e ferred embodiment of the invention is 
accomplished by means of the telemetry antenna 3 34 and an associated RF transmitter 
and receiver 322, ^^ch serves both to demodulate received downlink telemetry and 
to transmit upUrk telemetry. Uplink telemetry ca^ilities will typically include the 
ability to transmit stored digital information, e.g. operating modes and parameters, 
£GM histograms, and odier events, as well as real time EGMs of atrial and/or 
ventricular electrical activity and Marker Channel pulses indicating the occurrence of 
sensed and paced depolarizations in the atrium and ventricle, as is well known in the 
pacing art The IPG transceiver system disclosed in the above-referenced U.S. 
Application Serial Number 08/584,85 1 may be employed to provide the i^link and 
downlink telemetry from and to the implanted medical device in the practice of the 
present invention.. 

Control of timing and oihcc functions within the pacing circuit 320 is provided 
by digital controller/timer circuit 330 v/bich includes a set of timers and associated 
logic circuits connected with the microcomputer 302. Microcomputer 302 controls 
the operational functions of digital controllerAimer 324, specifying vMdti timing 
intervals are employed, and controlling the duration of the various timing intervals. 
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via data and control bus 306. Microcomputer 302 contains a miciopiocessor 304 and 
associated system clock 308 and on-processorRAM and ROM drips 310 and 312, 
respectively. In addition, microcomputer circuit 302 includes a separate RAM/ROM 
chip 3 14 to provide additional memoiy cqiadty. Microprocessor 304 is intemq)t 
driven, operating in a reduced power consumptioii mode normally, and awakened in 
response to defined intemq>t events, v^ch may include the A-trig, V-trig, ASE and 
VS£ signals. The specific values of the intervals defined are controlled by the 
nucrocomputer drcuit 302 by means of data and control bus 306 from progranmied-in 
parameter values and operating modes. 

If the IPG is progTEunmed to a rate responsive mode, the patieof s activity level 
is monitored periodically, and the sensor derived V-A escape interval is adjusted 
proportionally. A timed intemq)t,e,g.,evay two seconds, may be provided in order 
to allow the microprocessor 304 to analyze the ou^ut of the activity circuit (PAS) 322 
and update the basic V-A esc^ interval enq)loyed in ttie pacing cycle. Hie 
microprocessor 304 may also define variable A-V intervals and variable ARPs and 
VRPs yMch vary with the V-A esc^ interval established in response to patient 
activity. 

Digital controller^timer circuit 330 thus defines the basic pacing or escape 
interval over a pacing cycle which corresponds to a successive A-V interval and V-A 
interval. As a finlher variation, digital controUei/timer circuit 330 defines the A-V 
delay intervals as a SAV that commence following a sensed ASE and a PAV that 
commences following a delivered APE, respectively. 

Digital controller^timer circuit 330 also starts and times out intervals for 
controlling operation of the ASA and VSA in sense an^lifier circuit 360 and the APG 
and VPG in output an^jlifier circuit 340. Typically, digital controller/timer circuit 
330 defines an atrial blanking interval following delivery of an APE pulse, during 
which atrial sensing is disabled, as well as ventricular blanking intervals following 
atrial and ventricular pacing pulse delivery, during which ventricular sensing is 
disabled. Digital controller/timer circuit 330 also defines an atrial refitictory period 
(ARP) during which atrial sensing is disabled or the ASE is ignored for the purpose of 
resetting the V-A escape interval. The ARP extends fiom the begimung of the SAV 
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or PAV interval following either an ASE or an A-trig and until a predetennined time 
following sensing of a ventricular depolarization or triggering the delivery of a VPE 
pulse as a post-ventricular atrial refiactoiy penod (PVARP). A ventricular lefiactory 
period (VRP) may also be timed out after a VSE or V-trig. The durations of the ARP, 
PVARP and VRP may also be selected as a programmable parameter stored in the 
miCTocon^uta: 302. Digital controUei/timer circuit 330 also controls sensitivity 
settings of the sense amplifiers 360 by means of sensitivity control 350. 

The illustrated IPG blodc diagram of Figure 6 is maely exenqdaiy of one 
form of an implanted medical device 1 2 having a telemetry transceiver. The tdemetiy 
transceiver 332 is equable of receiving interrogation commands for uplink telem^ 
of accumulated data, e.g. stored histograms of EGM data maintained in RAM 3 I D or 
RAM/ROM unit 314. or of real-time data, e.g. the raw EGM of the patient's heart In 
addition, it is cqjable of receiving pennanent reprogrammmg commands or certain 
temporary progra mming commands for changing npffrating pftirdes ot parameten: of 
the IPG 300 to counter a condition diagnosed by the medical stqjportnrtworic. In this 
manner, the selective initiation of die opoalion of the therapeutic treatment (pacing 
for device 12) and monitoring can be effected tiirough operating commands received 
by said implanted device telemetiy transceiver 322. Furthermore, the operating 
algorithms governing the various pacing modes or parameters of those operating 
algoritirais may be re-checked and altered through downlink interrogation and le- 
programming. In addition, the nomial, periodic follow-up of the IPG 300 operation 
can be remotely initiated and conducted using the uplink and downlink telemetry 
between the transceiver 332 and the implant wireless interface under the control of Ae 
system controller as described below. The present invention can therefore readily be 
practiced using the basic hardware of existing microprocessor-controlled, dual 
chamber pacemakers, pacemaker-cardioverter-defibTillators and other medical 
devices, with a transceiver capable of uplink and downlink telemetry at a distance of 
up to several meters between the telemetry antenna 334 and the extemal telemetry 
antenna of the patient communications control device 20 or 20' of the variations of the 
present invention. 



wo 97/00708 



15 



PCT/US96rt032S 



Returning to Figures I and 3, the patient communications contFol device 20, 
20' therefore includes the implant wireless inter&ce 22 that operates as a two-way 
telemetry transceiver for communicating with the telemetry transceiver of the 
i^^)lanted medical device 12 or devices 12, 14 and is controlled in those opmtions by 
a microcomputer-based system controller 24, preferably a 486XX miooprocessor 
wi& RAM and ROM, e.g. the Cardio 486 available &om SMOS SYSTEMS located in 
San Jose, California maybe employed as the controller 24. The system controller 24 
contains a system clock for maintaining an accurate time base which in one 
embodiment may be recalibrated periodically via accurate clocks in the GPS satellites 
62. The microcomputer-based system controller 24 is cotq)Ied to the patient link 26 
and the voice and data communications networic inter&ce 28 via voice and data buses 
36 and 38. A patient link 26 px)vides a mioDphone and speaker through which ^e 
patient 10 can use for voice communication through the system controller 24 and the 
voice and data commimicatiops network inter&ce 28 with the remote medical siq}port 
network 50. Communication between the system controller 24 and the 
communications interim 28 is via data and voice buses 44 and 46. The system 
controller 24 may be part of a staiuiard or modified cellular telephone or other 
personal communication device and may simply recognize specific telemetered 
signals fix)m the implanted device if desired. 

At the medical support network 50, a base station is provided to be in the 
communication link with the monitor 30 or the patient-worn communications device 
40. The base station is preferably a microprocessor-based system that includes the 
software and hardware needed for voice communication with the patients to locate the 
patient and to interrogate and program the implanted medical devices using the 
communications inter&ce links incorporated into the GCMS. 

Patient voice communications through the patient link 26 include both actual 
patient voice and/or manually actuated signalling v*^ch may convey an emergency 
situatioa For example, a patient may initiate communications through link 26 by 
depressing a button and/or speaking into the microphone/speaker. The patient voice is 
converted to an audio signal, digitized, encoded and transmitted ei^er by voice bus 36 
or by a transceiver in the case where the patient link 26 is physically separated fiom 
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the system controller 24, as desoibed below. Hie patient activated emergency signal 
is likewise encoded and trananitted by data bus 38 or its equivalent transceiver 
encoded RF signal to the system controller 24, 

Patient link 26 is a custom designed circuit that prefoably has a miaophone 
and speaker, assodated drivers, a visual indicator (i.e. ligjit or LCD display), and a 
patient activator. In the embodiment where the patient link 26 is physically part of the 
patient communications control device 20, the patient link also includes inteifece 
circuitry to buses 36 and 38 as shown in Fig^nel. Ahematively, the patient link 26 
can be combined witii the inq>lant wireless inteifece as a combined PCMCIA (or other 

communications) card and a single data bus may !» shared between the two circuit 
In a further onbodiment having a physically separated and separately powered patient 
communications control device 26, the voice and data buses 36 and 38 can be replaced 
by short-range wireless LAN PCMCIA cards at each end of the link. Aninftared 
wireless LAN PCMCIA adaptor with an integrated transceiver. Model No. 87G9743, 
is currently available fiom IBM, Inc., Somers, New Yoik. An RF wireless LAN 
PCMCIA ad^tor with an integrated transceiver, Model No. 80G0900 is also available 
from IBM, Inc., Somers, New York. Other similar devices may be lised. 

Continuing specifically with the first variation of Figures 1 and 2, these figures 
depict the components of the more comprehensive GCMS of the present invention for 
allowing greater patient mobility, a wider range of communications network interfece 
links and the c^Mbilityoflocating the patient anywhere in the world IntheGCMS 
of Figure 1, all components of patient communications control device 20 are 
incorporated into the padent-wom communicatioiis device 40 which may be worn, for 
example, on a patient's beh or carried in a pocket, or worn on a wrist Alternatively, 
as described above, the patient link 26 may be separated into a wrist-worn device 
having a separate transceiver for convenience of use in voice communication. In any 
event, the emerging Personal Communications System (PCS) technology may be 
employed in the miniaturization of the system components. 

In accordance witii one aspect of the invention, the system controller 24 is 
coupled to a GPS receiver 60 via bus 58 for receiving patient positioning data 
fi-om an earth satellite 62. The GPS receiver 60 may use current systems such 
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as the Mobile GPS™ (PCMCIA GPS Sensor) provided by Trimble 
Navigation, Inc. of Sunnyvale, California or Redd GPS Land Navigation 
System provided by Liikkiira Systems Intanational, Inc. of Cameron Park, 
California, or other similar systems. TTie GPS receiver 60 may be actuated by 
a command received through the system controller 24 from the medical 
siQ}poit network, in the case of an emergency response. In the case of a non- 
emergency, periodic follow-up, the GPS receiver 60 may be enabled once an 
hour or once a day or any other chosen interval to verify patient locadoa The 
detomined location may be transmitted to the medical siq)port network and/or 
stored in RAM in the syston controller 24. To niflint ain pati^ location 
information in the absence of GPS signals (sudi as inside metal buildings), a 
three-axis accelerometer 72 or other position/motion determining device can 
be incorporated into die systm. By knowing original position (£x>m the last 
wlid GPS point)» time (from the internal clock) and acceleration (motion), 
patient position can be calculated from the three axis coordinates realized from 
each accelerometer output calculated in each case from* 

x(t) = x(0) + v(0)t + _a(t)dt 

where x(0) is the initial position stored in memory for each axis, t is time, a is 
acceleration and v is velocity. 

In the free ranging embodiment of Figures 1 and 2, two communication 
network interfrice links with the medical support network SO are included, although 
the conununication interface links of the second variation of Figures 3-5 may be 
included for optional home use. One non-hard-wired communication interface link is 
efifected through the soon to be deployed, woridwide satellite communications system, 
called "Iridium", by Motorola, Inc. of Schaumburg, Illinois. This is a PCMCIA card 
64 which may be built from common components by one skilled in the art Another 
(second) conmiunications link can be effected by the ARDIS (Advanced Radio Data 
Information Service) pocket radio communications network via PCMCIA link card 
66, a Mobidem modem available from Ericsson, Inc. of Raleigh, North Carolina, 
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Both of the radio links operate as modems with voice and data simultaneously 
transmitted via adding &e CT8O20 (DSP Group of Santa Clara, Califoniia) to a 
standard data modem sudi as a 28.8 Keqjintouch™ Express modem fiom AT & T 
Coip. of Laigo, Florida, 

Either or both PCMCIA cards 64 and 66 may be provided and they are 
coupled with the voice and communications network 28 via buses 68 and 70, 

respectively. When both are provided, access to the communications satellite link 80 
is automatically obtained vibea a link to a cellular transceiver 82 is not possible. 

It should be noted that "Iridium" manages cellnkr location of each subscriber 
in the network at all times. Hie subscriber unit, wliich in tiiis invention would be 
incorporated into the device 20 (or communicatively connected to it) idoxtifies iteelf 
and its location on a periodic basis to tiie system manager. In any system chosen it is 
expected that the control and communications device wiU have to report in to a 
management system regarding its location on a periodic or at least on a changed 
location basis or boft. The implanted device need iMt be concerned about this activity 
and need not use any of its battery power to acconqjlish it smce only the external 
device 20 (in the preferred embodiments) needs to be involved m such location 
commtmication. Only by knowing the patient location can the medical system 50 
communicate to the implanted device at any time it wants or needs to. Accordingly, if 
emergency communications are expected short intervals between reporting in are 
recommended. 

By checking in, the patienf s external communications device would act like a 
cellular phone, answwing incoming medical system messages broadcast into the cell 
in \^ch it is located. 

For patient conveniaice, a personal commiunicating device may incorporate 
the controllCT/communicator that communicates betweoi implanted device(s) and the 
external worid. In this way it could look like and operate as a personal communicator 
or cellular phone and reduce patient psychological discomfort It should also be 
recognized that if the cellular telephone system manages all communication functions 
between the outside-the-patient-system and the medical commimity system, the 
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implanted device need only be able to comnwmicate with the cellular communicatioiis 
product 

Figure 2 illustrates the fiee ranging patient 10 located remotely from the 
medical siqjpoit nrtwork 50 and from any hard-wired communications link. The 
patient communications control device 20 is implemented in the belt-wom portable 
unit 40, although the patient link 26 may be worn separately on die patient's wrist (not 
shown). Alternatively, the patient communications control device 20 including the 
patient link 26 may be packaged into a portable tel^hone configuration and carried in 
a pocket In any embodiment, the patient location may be determined by 
communications with the GPS 62. The voice and data communications link with the 
medical support network 50 nmy be efifected by a cellular phone link including 
transceiver 82. Alternatively, the voice and data communications link may be 
effected using the comrnxmications satellite link 80. 

The patient cpmmunicadons control device 20 of Figures 1 and 2 is powered 
by a batteiy power supply 74 that preferably is rechargeable. The system controller 
24 includes a power control system for powoing down the microprocessor and the 
associated components of the patient communications control device 20 except on 
receipt of an intemq)t in a manner well known in the art 

Power consumption can be significantly reduced by powering up the 
communication and satellite circuitry periodically for a short period of time to re- 
acquire a GPS location and/or look for requests for data or status firam the medical 
siqjport network 50. This system power consumption reduction can greatly enhance 
battery hfetime reqiiiring less fiequem batteiy replacement or recharging, in the case 
of a rechargeable battery configuration. As an alternate to using a management 
system to ma i ntain a patient location data based on patients device periodic check-in 
each GCMS system for each patient could have a specific time slot (for example, 30 
seconds) non-overlapping with other GCMS systems to power up, acquire location 
coordinates from the GPS system and be alert for a call from the medical support 
network 50. Periodically (for example, once per week), the medical siq)port network 
50 would reset/recalibrate the system clock in system controller 24 fix)m the atomic 
clock in the GPS satellite system. This would ensure that no specific GCMS system 
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clock would diift out of range of its allotted time slot and be unavailable for reception 
or driit into an adjacent time slot Other time dividing schemes tised in odier aits may 
also be employed to maximize batteiy life for any system. 

Turning to the second variation of the invaition illustrated in Figures 3-5, it 
should be noted that the system of Figure 1 may also be used in the home or in the 
hospital using the cellular communications link card 66. However, the modified 
patiait communications control device 20' of Figure 3 is preferably implemented with 
the voice and data communications netwoik interface 28 having the c^iability of 
directly linking with a haid-wired phone line 32 or other communication services, 
x^diich may include a hospital installed network, e-g. a pasonal coin|)uter interfece to a 
local area n^work. In either case, the modified pati^t communications control 
device 20* may be inq)lemented in a number of portable or stationary monitor 30 
forms. 

In the embodiment illustrated in Figure 4, all of the Figure 3 components of 
the modified patient communications control device 20* are located in the monitor 30. 
The patient link 26 and the implant wireless interfece 22 are hard-wiied by voice and 
data buses 36, 38 and 42 to die system controller 24. In the embodiment of Figure 5, 
the patient link 26 and the implant wireless inter&ce 22 are located in the patient- 
worn communications device 40. The remaining components of the modified patient 
conununications control device 20* are located in monitor 30, and suitable RF 
telemetry transceiver links are substituted for the buses 36, 38 and 42. In either 
embodiment, die power s^iply 74 of the monitor 30 may be line powered. The 
modified patient communications control device 20* within monitor 30 may also be 
coupled to a wall jack for hard-wired communications through die phone line 32 or 
other communications service 34 with a medical sfupport network 50 located remotely 
or within the hospital. 

As described above, implantable devices such as 12... 14 include telemetry 
transceivers with range suitable for communicating over a short range to the implant 
wireless interface 22 of the modified patient communications control device 20' 
within stand alone monitor 30. This remote link offers advantages over patient-wom 
electrodes or programming heads required in the standard skin contact telemetry and 
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monitoring used at present Skin contact is difficult to maintain, as the adhesive for 
the electrodes or heads foils in time, skin irritation is often a problem and inadvertent 
removal of electrodes is also prevalent Moreover, the EGM and other body condition 
monitoring capabilities of advanced implanted medical devices can be taken 
advantage of to substitute for Ln-hospital monitoring, e.g. Hoher monitoring of the 
patients electrogram. Hie electrogram and/or odier sensor derived data, e.g. pressure, 
temperature, blood gases or the like, stored by the ina^lanted device can be transmitted 
out continuously or on periodic automatic telonetty command and sent by tiie - 
commimicalioiis link to the remote or hospital medical siqiport networic SO. 

In either environment of Figure 4 or 5, the patient 10 may communicate with 
the medical stqipott staff at the medical support networic SO through the voice ch^el 
provided in the patient link 26. The patient communications control device 20 or 20* 
in either embodiment can retrieve all inq)lanted device stored patient and device 
operating data on receipt of a command from tiie medical support n^woik 50, process 
and temporarily store such data, and transmit it back to the siqiport network 50 for 
analysis. Moreover, implanted devices 1Z»14 may be reprogrammed from the 
medical support network 50 to alter device opoxiting modes and parameters 
employing the modified patient communications control device 20* as a programmer. 
Finally, the modified patient communications control device 20* can transmit an alarm 
to the medical support network should there be problems with the patient or implanted 
devices 12, 14. For example, the inqilanted devices 12, 14 may signal a low battery 
condition or a low drug supply in the case of an implanted drug dispensor or other 
problems found in self-diagnostic routines periodically conducted within the 
in^lanted devices 12... 14. 

The variations and embodiments of the GCMS of the present invention 
provides comprehensive monitoring of implanted medical devices independent of the 
geographic mobility of the patient using the devices, obviating the need for the patient 
to return to a designated follow-i^j monitoring site or clinic. Moreover, it allows 
determination of the patient's geographic location via the GSS 62 while providing 
simultaneous two-way communication with devices and the patient v^en desired. 
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In addition to emergency response and routine patient management, the 
GCMS fecilitates medical device clinical studies, providing data collection at one 
caitral site ftom all study patients without requiring tiieir active involvement or clinic 
visits. This is especially usefid for conductiiig government-mandated post-market 
surveillance studies. Should there be need to U5)grade or change the behavior of 
implanted devices the global system allows a central monitoring site to revise all 
involved implants anywhere in the world by transmitting new programming 
instructions to every device (assuming q)propriate govemmaital authorities and the 
patioits' physicians have agreed to the need for such changes). The patient need not 
be direcfly involved in this updating and need not be aware of the actual process. 

A continuous and automatic medical monitoring service could be implicated 
to shorten response time for emergency medical situations or device events signifying " 
patioit difficulty. For example, a patient having an in^lanted 
cardioverter/defibrillator may be subjected to mult^le defibrillation shocks, due to an 
underlying anfaythmia that cannot be converted by the shocks. To adiieve this in the 
first variation of Figures 1 and 2, the inqjlanted medical devdce 12 or 14 would initiate 
an emergency transmission to the patient communications control device 20 vAnct 
would contain, but not be limited to, all or some of thie following: patiait name and* 
"1 ai ling address, padenf s current medical condition reqidring assistance, ongoing 
"real time physiological variables", patient medical support team information, and 
currait status (padmi and device) and data stored within the implanted medical 
device. The patient communications control device 20 would obtain the GSS signal 
and transmit all the information to die medical support network 50. The patient may 
also transmit voice information if conscious of the event A similar response to an 
emergency situation can be initiated and completed in the GCMS of the second 
variation using the modified patient communications control device 20'. 

Moreover, patirait follow-up and periodic monitoring (i.e. monthly, quarterly, 
etc.) of the medical implant* s stored data and status could be done automatically and 
be completely transparent to the patient The medical support team would even have 
the capability of changing the implanted device settiags or programming with 
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complete tramparency to the patient (or alteniatively, voice or warning signals may be 
used to identify impending programming). 

Interactions with the in4>ianted device and patient may be totally transparent 
to the patient, e.g., routine location checks to determine if the patient is in proximity 

5 sufficiently ^th the patient communications device to intenogate the implanted 

device or for follow-up data collection &om die implanted device's monitoring 
memory or reprogramming of operations of the device effected at night v^e the 
patient sleeps. Or Ihe patient may be included in the process, evra to the extent that 
voice commitnications from the staff at the siqiport netwodc to instruct or reassure the 

10 patient are received in the patient communications control device. 

Variations and modifications to the present inv^on may be possible given 
the above disclosure. Although the present invention is desoibed in conjunction with' . 
a microprocessor-based architecture, it will be understood that it could be 
implemented in other technology such as digital logic-based, custom integrated circuit 

IS (IC) architecture, if desired. 

While there has been shown are considered to be the preferred 
embodiments of the invention, it will be manifest that many changes and 
modifications may be made therein without departing fiom the essential spirit of the 
inventioiL It is intended, therefore, in the following claims to cover all sudi changes 

20 and modifications as may fall within the true scope of the inventioa 
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CLAIMS 

1 . A system for communicating patient device infonnation to and fix)m a 
medical device implanted in an ambulatoiy patient and with a remote medical support 
network comprising: 

an implanted device telemetiy transceiver within the implanted medical device 
for communicating data and operating instructions to and from the medical device the 
implanted device telemetry transceiver having a transceiving range extending outside 

the patient's body a distance suffideot to receive and transmit such telemetered 
communications; and 

an external patient conmiunications control device ad^ited to be located in 

relation to the patient within the device transceiving range including: 

a system controller for &cilitating communications wilh die m^)lanted 
medical device; • 

an implant wireless intei&ce including a control device telemetry 
transceiver for receiving and transmitting coded comnmnications between the 
system controller and the implant device telemetry transceiver 

a global positioning system coi5)led to said system controller for 
providing positioning data identifying the global position of tiie patient to the 
system controller; and 

commimicalions means for communicating between the external 
communications control device and a remote medical support network. 
2. The system of Claim 1 further conqirisixig: 

communications networic interface means coupled to the system controller and 
the communications means for selectively enabling the conmiunications means for 
transmitting the positioning data to the medical 

support network and for selectively receiving commands from the medical support 
network. 



3 . The system of Claim 2 further comprising: 



wo 97/00708 PCT/US96/103J5 

25 

an external patient communications device adapted to be located in relation to 
the patient within the device transceiving range for providing patient voice and data 
communications with the system controller, so that patient voice communications may 
be effected through the communications interface means and the communications 
means with the remote medical support network. 

4. The system of Claim 3 wherein the communications inter&ce means 
may effect two-way communication of voice and/or data between the remote medical 
siqjpott network and the patient communications device and implanted device 
telemetry transceiver. 

5. The system ofClaim 4 vdierein said communications means further 
comprises at least one of the groi^ consisting of: 

a cellular telephone network; 
a satellite-based telecommunication network; 
a hard-wired telephone communications system; and 
a hard-wired inter&ce for conqmter based system for local area and for 
modem-based communications systems. 

6. The system of Claim 2 wherein the conununications inter&ce means 
may effect two-way communication of voice and/or data between the remote medical 
support network and the patient communications device and inq)lanted device 
telemetry transceiver by inclusion of cards for accessing one or aU of the 
commtmications means. 

7. The system of Claim 6 wherein said communications means further 
comprises at least one of the groi^ consisting of: 

a cellular telephone network; 
a satellite-based telecommunication network; 
a hard-wired telephone communications system; and 
a hard-wired interface for computer based system for local area and for 
modem-based e-mail communications systems. 

8. The system of Claim 2 v^erein said communications interface means 
further comprises: 
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portable satellite communications means for interfedng with a satellite based 
communications network for communicating with said patioit communications 
control device. 

9. The system of Claim 2 wherein said communicalions interfece means 
further comprises: 

portable cellular communications means for interfacing with a cellular 
telqihone communications netwoA for communicating with said patient 
communications control device, 

10. The system of Claim 2 wherein said communications interfece means 
further con^ses: 

hard-wired telephone communications means for interfacing with a telephone 
wmmunications network for communicating with' said patient communications : 
control device. 

11. The system of Claim 9 ^erem said hard-wired telephone 
communications means is hard-wired to a room telq>hone outlet of a patient's room 
for a patient confined to the area of the room, 

1 2. The system of Claim 2 wfaaein said communications intafece means 
further comprises: , . 

portable personal communications means for inter&cing with a telephone 
communications network for communicating with said patient communications 
control device. 

1 3 . The system of Claim 1 \\dierein: 
said unplanted medical device further comprises: 

storage means for storing programmed operating commands received by said 
implanted device telemetry transceiver for controlling operations of said implanted 
device; 

means for therapeutically treating the patient in accordance with programmed 
operating commands; 

means for monitoring a patient condition and providing patient condition data; 

and 
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means for selectively initiating the opoation of said therapeutic treatment 
means and said monitoiing means through said operating commands received by said 
in^lanted device telemetiy transceiver, and 

said communications means of said patient communications control device 
further comprises means for receiving operating commands from said 
commxmications network inter&ce; and 

said system controller further comprises means for operating said control 
telemeliy transceiver for transmitting said operating commands to said inqslanted 
device telemetry transceiver to thereby store said operating commands in said storage 
means and effect a commanded operation of said implantable device in response 
diereto. 

14. The system of Claim 13 v^erein: 
said implantable medical device further comprises: 

means for monitoring a patient condition and providing patient condition data; 

and 

means for selectively initiating the operation of said monitoring means 
through said operating commands received by said inq)lanted device telemetry 
transceiver; and 

said system controller further conq)ri5es means for operating said control 
telemetry transceiver for initiating operation of said monitoring means and for 
telemetering said monitored patient condition data to said patient communications 
control device transceiver for communication to said medical support network. 

15. A method for conmiiinicating patient de\dce information to and from a 
medical device implanted in an ambulatory patient and with a remote medical support 
network comprising: 

providing an implanted device telemetry transceiv^ within the implanted 
medical device for conmiunicating data and operating instructions to and from the 
medical device in a coded communication, the implanted device telemetry transceiver 
having a transceiving range extending outside the patient's body a predetermined 
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distance sufficient to receive and transmit coded telemetry communications at a 
distance fix)m tlie patient's body; and 

providing an external patient communications control device adapted to be 
located in relation to the patient within the device tiansceiving range for 
communicating between the implanted medical device and a medical support n^ork; 
and 

responding to an emergency condition of the patient in accordance with the 
steps of: 

receiving global positioning data signals in the communication control 
device for identifying the global position of the patient to the patient 
commimications control device; and 

transmitting communication indicating an emergency condition and the 
global position of the patient fiom the patient communications control device 
• to the medical siqiport netwodc ^ 

16. The method ofClaim 15 ^^iierein said st^ofresponding to an 
emergency condition of the patient in farther comprises the step of: 

communicating voice messages from said patient to said medical support 
network. 

17. The method of Claim 16 herein said step of responding to an 
emergency condition of the patient in further comprises the step of: 

conmiunicating voice messages to said patient fiom said medical siq)port 
network- 

1 8. The mediod of Claim 16 ^^teein said step of responding to an 
emergency condition of the patient in further comprises the step of altering an 
operating mode of said implanted medical device in response to the emergency 
conditioa 

19. The method of Claim 18 wherein said step of altering an operating 
mode of said implanted medical device further comprises: 

transmitting an operating progr amming command to said patient 
commtmications control device from said medical support network; 
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in said patient communicatioDs control device, transmitting a reprogramming 
command to said implanted device telemetry transceiver. 

20. The process of claim 15 including the step: 

in the absence of an emeigaicy patient condition, periodicaUy reporting the 
location of the patent to the medical network. 

2 1 . Apparatus for communicating patient device information to and &om a 
medical device in^ilanted in an ambulatory padent and with a remote medical support 
network comprising: 

an implanted device telemetry transceiver within the implanted medical device 
for communicating data and operating instructions to and fiom the medical device in a 
coded communicadon, the implanted device tel^etiy transceiver having a 
transceiving range extending outside the patient's body a predetomined distance 
suffici^ to receive and transmit coded telemetry communications at a distance from 
the padenf s body; and 

an external patient communications control device ad^ted to be located in 
relation to the patient within the device transceiving range for commimicating 
between the implanted medical device and a medical support network comprising 
means for responding to an emergency condition of the patient further comprising: 

means for providing positioning data identifying the global position of 

the patient to the patient communications control device; and 

means for transmitting an encoded conununication indicating an 

emergency condition and the global position of the patient from the patient 

communications control device to the medical support network. 

22. The apparatus of Claim 21 wherein said external patient 
communications device is adapted to be located in relation to the patient within the 
device transceiving range and further comprises communications intaface means for 
effecting two-way communication of voice and/or data between the remote medical 
support network and the patient communications device and implanted device 
telemetry transceiver. 
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23. A system for conmunicating patient device Mormation to an^ 
medical device implanted in an ambulatory pati^t and with a remote medical si^port 
network comprising: 

an implanted device telemetiy transceiver within the implanted medical device 
5 for communicating data and operating instnictions to and from tiie medical device in a 

coded commmiication, the implanted device telemetry transceiver having a 
Iraiisceiving range extending outside the patient's body a predetermined distance 
sufficient to receive and transmit coded telemetry communications at a distance from 
the patient's body; and 

1 0 providing an external patient communications device adapted to be located in 

relation to the patient within the device transceiving range for communicating 
between the implanted medical device and a communication system, 

a medical support network in commimicative connection througih said . 
communications system with said implanted medical device. 
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